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Objective: Major depressive disorder (MDD) is a psychiatric syndrome with a high 

socioeconomic impact, due to its high prevalence and to the limited efficacy of 

treatments.  Antidepressant efficacy depends, to a large extent, on the synaptic 

availability of serotonin (5-hydroxytryptamine; 5-HT) even for fast-acting strategies 

such as ketamine. However, blockade of the 5-HT transporter (SERT), as evoked by 

most antidepressant drugs (TCAs, SSRI, SNRI, etc.) is insufficient by itself to improve 

symptoms in many patients. The aim of the present talk is to describe the principal 

serotonergic mechanisms that facilitate or slow the antidepressant response.  

 

Methods: By means of clinical and preclinical studies we describe the implication of 

the different serotonin receptors in the antidepressant response. 

 

Results: Reuptake inhibiting drugs show slow onset of clinical action and limited 

efficacy, partially due to the activation of 5-HT1A autoreceptors. Thus, clinically-

relevant doses of SSRIs increased 5-HT concentration in the midbrain raphe nuclei but 

not in forebrain, as indicated by rodent microdialysis studies (Bel and Artigas, 1993. 

Synapse 15: 243-5; Hervás and Artigas, 1998. Eur J Pharmacol 358: 9-18) and by PET-

scan studies in primate/human brain (Nord et al, 2013. Int J Neuropsychopharmacol 

16: 1577-86). Interestingly, the single attenuation of presynaptic 5-HT1A-R expression 

with RNAi is sufficient to evoke an antidepressant-like response in mice, associated to 

an increased 5-HT release (Bortolozzi et al, 2012. Mol Psychiatry 17: 612-23; Ferrés-
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Coy et al, 2013. Psychopharmacology 225: 61-74). The prevention of these self-

inhibitory mechanisms by antagonists of pre-synaptic 5-HT1A-Rs augments preclinical 

and clinical antidepressant effects, as shown for the mixed ß-adrenoceptor/5-

HT1A antagonist pindolol (Artigas et al, 1996.Trends Neurosci 19: 378-83; Pérez et al., 

1997. Lancet 349: 1594-7; Portella et al, 2011. J Clin Psychiatry 72: 962-9; Whale et al, 

2010. J Psychopharmacol 24: 513-2). This strategy has been incorporated into two new 

multi-target antidepressant drugs, vilazodone and vortioxetine, which combine 5-HT 

reuptake inhibition and partial agonism at 5-HT1A-R. In addition, vortioxetine is an 

antagonist of 5-HT3-R and 5-HT7-R (Sanchez et al, 2015. Pharmacol Ther 145: 43-57). 

Contrary to 5-HT1A autoreceptors, the activation of postsynaptic 5-HT1A-R facilitates 

antidepressant responses (Haddjeri et al, 1998. J Neurosci 18: 10150-6; Gasull-Camós 

et al, 2018. Neuropharmacol 139: 41-51). Given the molecular identity of pre- and 

postsynaptic 5-HT1A-R, the need to activate postsynaptic 5-HT1A-R prevents the clinical 

use of selective antagonists to accelerate/enhance antidepressant response, as shown 

for the compound DU-125530 (Scorza et al, 2012. Br J Pharmacol 167: 1021-34).The 

role of other postsynaptic 5-HT-Rs is less clear, although 5-HT2A/2C-R antagonism 

facilitated preclinical and clinical antidepressant responses (e.g., trazodone, 

SSRI/atypical antipsychotic combinations, etc.) (Shelton et al, 2001. Am J Psychiatry 

158: 131-4). Likewise, 5-HT4-R activation showed promising effect at preclinical level 

(Lucas et al, 2007. Neuron 55: 712-25), although this strategy did not translate into the 

clinics. Finally, ligands to 5-HT6-R and 5-HT7-R are still under investigation (Artigas, 

2013. Pharmacol Ther 137: 119-31). 

 

Conclusion: Blockade of the 5-HT transporter, as evoked by most antidepressant 

drugs (TCAs, SSRI, SNRI, etc.) is insufficient by itself to improve symptoms due to the 

existence of pre- and postsynaptic negative feed-back mechanisms that limit the 

amount of 5-HT available at postsynaptic receptors involved in clinical response. 

Multi-target antidepressant drugs combining SERT blockade and affinity for one or 

more 5-HT-Rs may prevent these mechanisms and may produce better clinical 

outcomes than SSRI or SNRI. Additionally, preclinical studies support the therapeutic 
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use of RNAi strategies to evoke faster and more effective antidepressant responses 

(Artigas and Bortolozzi, 2017. Neuropsychopharmacol 42: 371). 
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